DEVICE FOR INFLUENCING CELL-GROWTH MECHANISMS IN VESSELS OF 
A HUMAN OR ANIMAL BODY 



[0001] The present invention concerns a device for influencing cell-growth 
mechanisms in vessels, in particular blood vessels, of a human or animal body. 
It further concerns an implant for insertion into a vessel of a human or animal 
body, in particular a stent. 

BACKGROUND OF THE ART 
[0002] Cell-growth mechanisms in the vessel wall regularly play an 
important part in connection with the treatment of defects of vessels in the 
human or animal body. Cell growth can be on the one hand a cause of such a 
defect, as is the case for example with stenoses in blood vessels. Reduced or 
slow cell growth however can also be for example the cause of unsatisfactorily 
slow healing of defects in a vessel. 

[0003] A number of widely different illnesses can result in so-called 
stenoses, that is to say constrictions in vessels in the body, with in part serious 
or even fatal consequences. Blood vessels are often affected in that respect. 
Thus for example arteriosclerosis with the vessel constrictions that it entails 
represents the most important and mpst frequent morbid change in the arteries, 
which can involve very serious consequences. 

[0004] Various procedures have been adopted for the treatment or 
prophylaxis of such stenoses. Thus for example for stenosis prophylaxis or for 
the treatment of constrictions which have not yet progressed very far, 
medication treatments are used and the patient is prescribed an appropriate 
diet, while more advanced stenoses are generally treated by operative 
intervention. In that situation the affected locations in the vessel are mostly 
expanded by means of a balloon catheter. In that balloon dilation procedure, it is 
frequently necessary to insert a so-called stent into the vessel in order to hold it 
in an expanded condition. 

[0005] In order to prevent so-called re-stenoses after the vessel has been 
treated, besides medication treatments and suitable adjustment to the nutrition 



of the patient, stents have also been proposed, which on their side towards the 
vessel are covered with cloths or the like in order to prevent renewed 
constriction of the vessel as a result of the vessel wall growing into the passage 
of the vessel, which is caused by cell growth, that is to say uncontrolled 
proliferation of the cell wall vessels. The proposed methods suffer from various 
disadvantages. Thus, adjustment to diet can often only have a supporting effect 
while medicational treatment can admittedly mostly be used with really good 
success, but it can give rise to widely varying side-effects according to the 
respective patient. Invasive treatment with a stent of a suitable configuration, 
which completely covers the wall of the vessel, is on the one hand relatively 
complicated and expensive, while on the other hand it is not possible to foresee 
to what extent unretarded cell proliferation or growth under the covering 
becomes a possibly menacing strain for the vessel. 

[0006] In general terms, only medicational treatments with the 
disadvantages already referred to above are proposed for the purposes of 
speeding up healing of defects of a vessel, for example for accelerated healing of 
the wound after a surgical intervention. 

SUMMARY OF THE INVENTION 
[0007] Therefore the object of the present invention is to provide a device 
for influencing cell-growth mechanisms in vessels, which suffers from the above- 
described disadvantages at least to a lesser degree and which in particular can 
be used with a lower degree of complication and as few side-effects for the 
patient as possible. 

[0008] Based on a device as set forth in the classifying portion of claim 1 
that object is attained by the features recited in the characterising portion of 
claim 1. In addition, based on an implant as set forth in the classifying portion of 
claim 15 that object is attained by the features recited in the characterising 
portion of claim 15 and, based on an implant as set forth in the classifying 
portion of claim 16, it is attained by the features recited in the characterising 
portion of claim 16. 

[0009] The present invention involves the technical teaching that it is 
possible to achieve an advantageous influence on cell-growth mechanisms in 
the vessel wall by means of a suitable device for the electrostimulation of the 



cells of the vessel wall with stimulation currents at low cost and complication and 
with slight side-effects from the point of view of the patient. In that respect, 
depending on the respective situation of use, it is possible to achieve at least 
partial suppression of cell-growth mechanisms, as is required for example to 
prevent or slow down stenoses. Equally however it is also possible to provide for 
stimulation of cell growth or cell proliferation, as is advantageous for example to 
speed up wound healing or to stabilise such vessels. 

[0010] Hitherto electrostimulation for the purposes of suppressing cell- 
growth mechanisms has been known only in connection with the treatment of 
psoriasis for skin cells which naturally are at the surface of the body and are 
therefore readily accessible for simple stimulation with suitable stimulation 
currents by direct contacting (see Spektrum der Wissenschaft, Monatsspektrum, 
April 2000, pages 15 through 17, Spektrum der Wissenschaft Verlagsgesellschaft 
mbH, Heidelberg, DE). 

[0011] It has been found that the advantages of electrostimulation can 
also be achieved with simple means in the region of vessels, that is to say in the 
interior of the body which is not readily accessible, at a low level of complication 
and without side-effects from the point of view of the patient, if in accordance 
with the invention there is provided an excitation device for producing 
stimulation currents in a region of the vessel, which is to be treated. In that 
respect, in accordance with the invention, the excitation device is adapted to 
produce low-frequency stimulation currents whose frequency is in the range of 
frequencies at which the distribution of secondary messenger substances 
controlling cell growth, in particular cyclic adenosine monophosphate (cAMP) in 
the cells of the vessel is influenced, that is to say checked or stimulated. As in 
that respect the biologically effective information is in the frequency and/or 
modulation pattern of the stimulation currents, the same effect can be achieved 
if in accordance with the invention the excitation device is adapted to produce 
low-frequency modulated stimulation currents, in which case then the 
modulation frequency is in the range of frequencies at which the distribution of 
secondary messenger substances controlling cell growth, in particular cyclic 
adenosine monophosphate (cAMP) in the cells of the vessel is influenced, that is 
to say checked or stimulated. Equally suitably low-frequency stimulation currents 
can additionally also involve suitable low-frequency modulation. The frequency in 
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question can differ from one cell type to another. In that respect for example a 
higher level of concentration of cyclic adenosine monophosphate reduces the 
division activity of the cells while that is increased by a reduced level of 
concentration. 

[0012] Preferably the excitation device is adapted to produce stimulation 
currents whose frequency and/or modulation frequency is in the range of 
frequencies at which the distribution of secondary messenger substances 
controlling cell growth in the smooth muscle cells and additionally or 
alternatively in the endothelium cells and additionally or alternatively in the 
fibroblasts of the vessel is influenced as growths of those cell types play for 
example the major part in stenosis formation, in particular in blood vessels. 
Alternatively cell growth can also be stimulated by a suitable selection of the 
frequencies involved, for example in order to speed up healing of a wound. 
9 Equally it may be desirable to strengthen weakened vessel portions as for 

5 example frequently play a part in the formation of aneurysms, by virtue of 

r5 increased cell growth in order to increase their capacity for resistance to the 

» loadings acting on the wall of the vessel. 

if [0013] In that respect, the excitation device is preferably adapted to 

produce stimulation currents in the region of the vessel to be treated, at a 
O frequency and/or modulation frequency of up to 200 Hz, preferably between 10 

^ and 100 Hz, as it is in that range, in terms of distribution or inhibition of said 

secondary messenger substances, that there are 'resonance frequencies' in 
respect of the cells, at which it is possible to achieve particularly good results. 
The invention can be used to treat the most widely varying vessels in a human 
or animal body, but it can be used to particular advantage in connection with the 
treatment of blood vessels. 

[0014] In preferred variants of the device according to the invention the 
excitation device has a time control device which is adapted for stepwise or 
continuous reduction in the level of stimulation intensity and additionally or 
alternatively is adapted for stepwise or continuous reduction in the frequency of 
stimulation. That makes it possible to achieve what is referred to as 'winding- 
down' of the treatment, in which the artificial suppression or stimulation of cell 
growth processes is stepwise or continuously reduced in order to prevent 



4 



overshoot growth of the cells or complete suspension of cell growth in response 
to abrupt termination of the treatment. 

[0015] Preferably the excitation device is adapted for contact-less 
production of the stimulation currents in the region of the vessel which is to be 
treated, as in that way precisely in a treatment extending over a relatively long 
period of time, it is possible to provide for particularly simple stimulation without 
the patient possibly having to be repeatedly subjected to surgical intervention. 
Equally however it is also possible for the excitation device to be arranged for 
example in a catheter or to be connected thereto, which is moved for the 
treatment to the location which is to be treated. 

[0016] Advantageous configurations of the device according to the 
Mi invention are distinguished in that the excitation device is adapted for direct 

;=! induction of the stimulation currents in the body tissue of the vessel region 

5 which is to be treated. Preferably in that case the excitation device includes an 

CR induction device for producing at least one local magnetic alternating field in the 

jfj treatment region of the vessel so that the stimulation currents of suitable 

frequency and/or modulation frequency and appropriate intensity are induced by 
IS the magnetic alternating field directly in the tissue to be treated. Preferably 

magnetic alternating fields of relatively high frequency are mutually 
□ superimposed in order to produce electrical alternating fields of slightly differing 

^ frequency, which are superimposed in the manner of a beat to form an electrical 

field involving low-frequency modulation. Equally however it is also already 

possible to produce a magnetic alternating field which correspondingly involves 

low-frequency modulation. In other words the beat or modulation can be 

produced both within and also outside the body. 

[0017] The induction device may include any means for producing a 
magnetic alternating field. Thus for example it is possible to use flat coils or 
pairs of coils, for example a Helmholtz coil arrangement, or straight, preferably 
long coils, in the form of a an electromagnet, which depending on the position in 
respect of depth of the treatment region in the body are applied to the body of 
the patient or are positioned at a spacing therefrom. In addition it is possible to 
use soft-magnetic coil cores in order to reduce the current demand for 
production of the alternating magnetic field. In that respect the configuration of 
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the coil cores can be utilised to pass a larger proportion of the magnetic flux 
under the surface of the body. 

[0018] Preferably the induction device includes at least one horseshoe- 
shaped electromagnet. They advantageously produce a spatially delimited 
magnetic field, the extent of which approximately corresponds to the pole 
spacing and in turn induces currents which flow predominantly tangentially 
around the field-filled space. In a simple fashion, that permits comparatively 
accurate positioning of the device with respect to the treatment region of the 
vessel. 

[0019] In a further preferred feature the excitation device has a positioning 
device for positioning at least one pole of the electromagnet with respect to the 
body of the patient in order in that way to permit simple and reliable positioning 
to be effected. 

[0020] Preferably the device according to the invention with a stimulation 
device for the direct induction of stimulation currents in the body tissue is used 
in conjunction with an implant according to the invention for insertion into the 
vessel in question. That may involve for example a stent. The implant has a 
tubular body which is intended to bear against the wall of the vessel. The tubular 
body at least in a portion-wise manner comprises a soft-magnetic material. That 
in turn provides for concentrating the magnetic field in the tubular body of the 
implant and in the environment thereof so that a greater electrical field is 
induced in particular in the space outside the implant in the immediate proximity 
of the implant surface, than in a vessel without such an implant. That affords an 
advantageous boost effect for the stimulation currents precisely in the region 
which is to be stimulated. 

[0021] In other advantageous variants of the device according to the 
invention the excitation device serves for contact-less introduction of the 
stimulation energy which serves to produce the stimulation currents into an 
implant which is arranged in the region of the vessel, which is to be treated. The 
implant may involve in particular a stent. Those variants are advantageous 
especially when such an implant, that is to say for example a stent, is or has to 
be arranged at the location of the vessel, which is to be treated. Such a stent 
may be necessary for example to hold the vessel in a dilated position which the 
vessel cannot assume or can no longer assume of its own accord. 



[0022] In those cases the stimulation energy is firstly coupled into the 
implant and then coupled out of same in the appropriate form and delivered 
directly to the region to be treated. That has the advantage that the action of 
the stimulation is concentrated precisely on the area around the implant, which 
is to be the subject of treatment, while other regions of the body are not 
affected. 

[0023] The stimulation energy can be coupled into the implant, that is to 
say for example the stent, in various ways. Thus, preferred variants of the 
device according to the invention provide that the excitation device includes an 
induction device for inductive coupling of the stimulation energy into the 
implant. In other words, suitable magnetic alternating fields cause corresponding 
currents to be induced in the implant which is of a suitable configuration, and 
they are in turn used directly or by way of suitable active and/or passive 
elements of the implant to produce the corresponding stimulation currents. In 
that case, the magnetic alternating field may already involve a corresponding 
low frequency and/or low-frequency modulation. Additionally or alternatively a 
plurality of electrical fields can also be induced in the implant, which are then 
superimposed to form an electrical alternating field involving correspondingly 
low-frequency modulation. That can be effected for example by at least two 
high-frequency electrical alternating fields with a suitably slight frequency 
difference being produced and superimposed on each other in the manner of a 
beat. 

[0024] In other preferred variants of the device according to the invention 
the excitation device includes a transmitting device for coupling the stimulation 
energy into the implant in the form of electromagnetic oscillations. In that case 
the implant includes an antenna element designed in the fashion of an antenna. 
In other words, by means of electromagnetic oscillations, corresponding currents 
are produced in the antenna element of the implant, which are in turn used 
possibly by way of suitable active and/or passive elements of the implant to 
produce the desired stimulation currents. In that case, the electromagnetic 
excitation oscillation may already involve suitable low-frequency modulation. 
Alternatively or additionally it is also possible here again to produce a plurality of 
electrical currents in the implant, which are then superimposed on each other to 
form a suitably low-frequency electrical alternating current. That can be effected 
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for example by at least two high-frequency electrical alternating currents with a 
suitably slight frequency difference being produced and superimposed on each 
other in the manner of a beat. 

[0025] The transmission frequency of the transmitting device is preferably 
so selected that the frequency of the electromagnetic waves received by the 
antenna element in question corresponds to the resonance frequency of the 
antenna element as that makes it possible to achieve an optimum energy 
coupling-in effect. It will be appreciated however that it is also possible to 
operate with a certain mismatching between the transmission frequency and the 
resonance frequency of the antenna element. In this respect moreover it is to be 
noted that the frequency of the electromagnetic waves received by the antenna 
elemtet is not identical to the transmission frequency (in vacuum) of the 

transmitting device, by virtue of the change due to the dielectric of the body 

□ 

tissuey; 

[0026] Preferably there is provided a device for focusing the 
electSmagnetic oscillations in the region of the implant in order to reduce the 
ener§y flow through tissue which is not in the treatment region in regard to 
having the minimum possible adverse effect on the tissue which is in the 
transmission path but which is not to be treated. That device for focusing 
electromagnetic oscillations can be designed in any known fashion. Preferably it 
involves an elliptical reflector, at the focal points of which are arranged the 
transmitting device and the implant. 

[0027] The invention further concerns an implant for insertion into a vessel 
in an animal or human body. The vessel may again involve any vessel in the 
body, preferably it again involves a blood vessel. The implant can be of any 
desired configuration. It is particularly advantageous however if the implant is a 
stent as a stent does or can perform still further functions. 

[0028] The above-specified object is attained with the implant according to 
the invention in that the implant is adapted to stimulate cells of the vessel in 
which it is implanted by means of stimulation currents, such stimulation 
influencing the cell-growth mechanisms. In that respect, stimulation can serve in 
the above-described manner both to inhibit and also to stimulate the cell-growth 
mechanisms. As already mentioned, that configuration is particularly 
advantageous if the implant, for example a stent, already has to be implanted in 
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any case for other reasons in the region of the vessel, which is to be treated. 
That is the case for example when the stent is required in order to hold the 
vessel expanded against a return force. 

[0029] For that purpose the implant can be provided with its own suitably 
long-life or rechargeable energy supply and a suitable control circuit for 
controlling the delivery of energy. 

[0030] In other variants which are preferred because they are of a 
compact nature and simple to implement the implant is adapted to couple out 
inductively coupled-in stimulation energy in the form of preferably low-frequency 
stimulation currents. In that case, alternating currents are induced in the 
implant by externally generated magnetic alternating fields. For that purpose it 
is possible to provide for example a magnetic alternating field which involves 
suitable low-frequency modulation. The induced alternating currents are in turn 
used directly or by way of suitable active and/or passive elements of the implant 
to produce the corresponding stimulation currents. If the implant for example 
involves a stent, those elements can be embedded in a suitable semiconductor 
coating or semiconductor layer of the stent body which is of a conventional 
configuration. Equally they can be arranged on the stent on a separate carrier 
element which is preferably not mechanically loaded or only slightly loaded, 
upon implantation of the stent. 

[0031] Additionally or alternatively it is also possible for a plurality of 
alternating currents to be induced in the implant, which currents are then 
superimposed to form an electrical alternating current involving suitable low- 
frequency modulation. That can be effected for example by at least two high- 
frequency alternating currents with a correspondingly slight frequency difference 
being produced and superimposed on each other in the manner of a beat. 
[0032] The implant can be provided with at least one active element which 
with a capacitive element forms a resonance circuit. To produce stimulation 
currents involving low-frequency modulation the resonance frequency of the 
resonance circuit can be in the range of a high-frequency carrier frequency 
which then entails suitable low-frequency modulation by virtue of suitable 
modulation of the excitation amplitude. A plurality of such resonance circuits can 
also be provided for the above-described superimposition of the currents, those 
resonance circuits then being interconnected with each other for the 



superimposition procedure. If the implant for example involves a stent those 
inductive and capacitive elements can be embedded in a suitable coating or layer 
on the implant. Equally they can be arranged on the stent on a separate carrier 
element which is preferably mechanically not loaded or only slightly loaded, 
upon implantation of the stent. 

[0033] Preferably, the implant according to the invention includes a tubular 
body which is intended to bear against the wall of the vessel and which to afford 
a resonance circuit is at least in a portion-wise manner in the form of an 
induction coil. That means that a relatively large amount of room is available in 
regard to the configuration of the inductor means, which has a positive effect on 
the maximum input of energy into the coil by virtue of higher possible numbers 
of turns and coil and conductor cross-sections. In that respect the implant itself 
may be in the form of a helix, to form the coil. It is however also possible for the 
winding to be formed by a coating with suitable conductive turns portions on the 
tubular body which is then of any desired configuration. It is equally possible for 
the winding to be formed by suitably conductive portions of the tubular body 
which is then of any desired configuration. 

[0034] The ends of the induction, coil in question can be interconnected 
with a capacitive element arranged at any location on the stent, to afford the 
resonance circuit. It is however also possible to provide in each case only small 
plates or pads instead of a discrete capacitor at each of the ends of the turns of 
the coil. The junction capacitances thereof then form together with the electrical 
connection through the body tissue or the body fluid in the vessel two capacitors 
which are connected in succession. In order to increase the capacitance the pads 
can be provided with a fractal surface as is used for example for electrodes of 
cardiac pacemakers. To increase the dielectric strength the pads can additionally 
be provided with a thin insulating layer. 

[0035] Other advantageous variants of the implant according to the 
invention are distinguished in that the implant is adapted for coupling out 
stimulation energy which is coupled in by means of high-frequency 
electromagnetic waves, in the form of stimulation currents involving a low 
frequency and/or low-frequency modulation, in which case it includes an antenna 
element designed in the nature of an antenna, for coupling in the stimulation 
energy. 
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[0036] In that case, an external transmitting device is used for coupling in 
the stimulation energy in the form of electromagnetic oscillations into the 
implant which accordingly at least in a portion-wise manner is designed in the 
manner of an antenna. In other words, currents are produced in the antenna 
element by means of suitable electromagnetic oscillations. In this case the 
electromagnetic excitation oscillation can already suitably involve low-frequency 
modulation. The currents produced in that way are again used directly or by way 
of suitable active and/or passive elements of the implant to produce the 
corresponding stimulation currents. If the implant for example involves a stent 
those active and/or passive elements can be embedded in a suitable 
semiconductor coating or semiconductor layer of the stent body which is of a 
conventional configuration. Equally they can be arranged on the stent on a 
separate carrier element which is preferably mechanically not loaded or only 
slightly loaded upon implantation of the stent. 

[0037] Additionally or alternatively a plurality of alternating currents can 
be produced in the implant by electromagnetic oscillations at different 
frequencies, which alternating currents are then superimposed to form an 
electrical alternating current involving suitable low-frequency modulation. That 
can be effected for example by at least two high-frequency alternating currents 
with a correspondingly slight frequency difference being produced and 
superimposed on each other in the manner of a beat. 

[0038] The implant can be provided with at least one antenna element. To 
provide for the described superimposition of the currents, it is also possible to 
provide two such antenna elements which are then interlinked for the 
superimposition effect. 

[0039] If the implant for example is a stent those antenna elements can be 
embedded in a suitable coating or layer on the implant. Equally they can be 
arranged on the stent on a separate carrier element which is preferably 
mechanically not loaded or only slightly loaded upon implantation of the stent. 
[0040] In a configuration which is preferred because it is simple to 
manufacture the implant includes a tubular body which is intended to bear 
against the wall of the vessel and which at least in a portion-wise manner is in 
the nature of a dipole antenna. In that case the entire body can function as an 
antenna, in which case then a suitably insulating connection between the two 



halves of the body must be provided at the center. It is however also possible 
for a conductive layer which is separated from the tubular main body by an 
insulating layer or a conductive layer arranged on a non-conductive tubular main 
body to be designed in the manner of a dipole antenna. 

[0041] In preferred developments of the implant according to the invention 
there is provided a coupling-out unit which includes a conversion unit for 
conversion of the coupled-in stimulation energy into stimulation currents which 
are of low frequency and/or involve low-frequency modulation. The conversion 
unit may involve the above-described active or passive elements. In that case, 
the conversion unit preferably includes an electronic circuit for conversion of a 
high-frequency current into a stimulation current which is of low frequency 
and/or involves low-frequency modulation. That is further preferably in the form 
of a coating on the substrate. 

[0042] The conversion unit however may also simply involve a circuitry 
arrangement as also described hereinbefore for the superimposition of two 
alternating currents. 

[0043] In regard to the frequencies or modulation frequencies of the 
stimulation currents which are to be coupled out by the implant, it is to be noted 
that they are in the ranges already described hereinbefore in relation to the 
device according to the invention. 

[0044] The present invention further concerns an arrangement comprising 
a stimulation device according to the invention and an implant in accordance 
with the invention which is adapted to said stimulation device, as can be used in 
particular for test or calibration purposes for the stimulation device and 
additionally or alternatively the implant. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0045] Further preferred configurations of the present invention will be 
apparent from the appendant claims and the description hereinafter of preferred 
variants of the invention with reference to the accompanying drawings in which: 
FIGURE 1 is a diagrammatic view in section through part of an 
arrangement comprising a stimulation device according to the invention and an 
implant according to the invention, 
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FIGURE 2 is a diagrammatic view of a preferred embodiment of the 
implant from Figure 1, 

FIGURE 3 is a diagrammatic view of a detail of a further preferred 
embodiment of an implant according to the invention, 

FIGURE 4 is a diagrammatic view of a preferred embodiment of an implant 
according to the invention, 

FIGURE 5 is a diagrammatic view in section through part of a further 
arrangement comprising a stimulation device according to the invention and an 
implant according to the invention, 

FIGURE 6 is a diagrammatic view of a preferred embodiment of the 

implant from Figure 5, and 

FIGURE 7 is a diagrammatic view of a further preferred embodiment of an 
implant according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0046] Figure 1 is a diagrammatic view in section through part of an 
arrangement comprising a device 1 according to the invention for preventing or 
slowing down the formation of stenoses and an implant according to the 
invention in the form of a stent 2 which is arranged in a blood vessel 3 to be 
treated at a certain depth under the surface 4 of the body of a patient. 
[0047] The device 1 includes an excitation device 5 which is adapted for 
the contact-less production of stimulation currents in a region 3.1 of the vessel 
3, which is to be treated. For that purpose it includes an electromagnet 
comprising a coil 5.1 and a horseshoe-shaped core 5.2 together with a supply 
device 5.3 which is connected to the coil 5.1 and which is controlled by way of a 
control device 5.4. 

[0048] The excitation device 5 further includes a positioning device 5.5 
which can be applied to the surface 4 of the body of the patient and by way of 
which the poles 5.6 and 5.7 of the electromagnet can be positioned with respect 
to the treatment region 3.1. Scales 5.8 are provided to make the positioning 
operation easier. 

[0049] In the illustrated example, the excitation device 5 is of such a 
design configuration that it produces a magnetic field at a carrier frequency of 
above 1 kHz and with suitable low-frequency modulation, which issues at the 
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poles 5.6 and 5.7 of the electromagnet and which approximately fills a space as 
is indicated by the contour 6. The diameter of the space indicated by the contour 
6 approximately corresponds to the spacing of the two poles 5.6 and 5.7. The 
poles 5.6 and 5.7 are positioned by way of the positioning device 5.5 in relation 
to the treatment region 3.1 in such a way that the contour extends in the region 
of the stent 2. 

[0050] The stent 2 is adapted to couple out the stimulation energy which is 
inductively coupled in by way of the magnetic field and which is delivered by the 
excitation device 5, in the form of stimulation currents involving low-frequency 
modulation. For the purposes of coupling in the stimulation energy, as 
diagrammatically shown in Figure 2, it is provided with a resonance circuit 7 
which comprises an inductive element 7.1 and a capacitive element 7.2 and 
whose resonance frequency corresponds to the carrier frequency of the magnetic 
field. The resonance circuit 7 is connected to a coupling-out unit 8. This includes 
electrodes 8.1 and 8.2 and a conversion unit 8.3 which possibly converts the 
high-frequency currents induced in the resonance circuit 7 into low-frequency 
stimulation currents which are then delivered to the blood vessel 3 by way of the 
electrodes 8.1 and 8.2. 

[0051] The conversion unit 8.3 includes an electronic circuit which possibly 
converts the high-frequency currents induced in the resonance circuit into low- 
frequency stimulation currents. For that purpose the electronic circuit includes 
per se known passive circuit elements. It will be appreciated however that other 
variants may also use active circuit elements or a combination of active and 
passive circuit elements. 

[0052] The resonance circuit 7 and the coupling-out unit 8 are provided in 
appropriate coatings on the body of the stent 2. It will be appreciated however 
that in other variants for example the stent body itself or a portion of the stent 
body can represent the inductive and/or the capacitive element. 
[0053] It will further be appreciated that, in other variants of the stent 
according to the invention, there may be provided a plurality of resonance 
circuits. They may then be of such a configuration for example that they involve 
only slightly different resonance frequencies. Those resonance circuits are then 
only suitably interconnected so that their induced alternating currents are 
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superimposed on each other in the manner of a beat with the appropriate 
modulation frequency. 

[0054] The modulation frequency of the stimulation currents is in the range 
of the frequencies at which distribution of secondary messenger substances 
controlling cell growth, such as cyclic adenosine monophosphate (cAMP) in the 
cells of the vessel is influenced. In the illustrated example, only one coupling-out 
unit is shown. It will be appreciated that other variants may also have a plurality 
of such coupling-out units as the frequency required to produce the influencing 
effect can differ from one cell type to another and possibly a plurality of cell 
types have to be suitably stimulated. 

[0055] For blood vessels like the blood vessel 3 the frequency or 
modulation frequency of the stimulation currents is preferably in the range of the 
frequencies at which distribution of secondary messenger substances controlling 
cell growth in the smooth muscle cells and additionally or alternatively in the 
endothelium cells and additionally or alternatively in the fibroblasts of the vessel 
is stimulated as growths of those cell types involve the main contribution to 
stenosis formation, in particular in blood vessels. 

[0056] It will be appreciated that in other variants the distribution of those 
secondary messenger substances can also be inhibited in order to provide for 
stimulation of cell growth, as described above. It will likewise be appreciated 
that the level of concentration of other messenger substances may also have a 
contrary influence on the cell growth or the cell division activity of the cells and 
distribution of those messenger substances is accordingly influenced in the 
corresponding opposite manner. 

[0057] The intensity of the magnetic field produced by the excitation 
device 5 in the illustrated example is so selected that the stimulation currents in 
the tissue to be stimulated reach a current density of at least 5(iA/cm 2 . 
[0058] The control device 5.4 can control the stimulation with any 
predeterminable stimulation procedures in respect of time. In particular it has a 
time control circuit (not shown) which after a given predeterminable stimulation 
time is adapted to provide for stepwise reduction in the level of stimulation 
intensity. That permits what is referred to as 'winding-down' of the treatment, in 
which artificial suppression of cell growth processes is reduced stepwise in order 
to prevent an overshoot growth of the cells in response to abrupt termination of 
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the treatment. It will be appreciated that, in other variants, it can also be 
adapted to provide for a continuous reduction in the level of stimulation intensity 
and additionally or alternatively also to provide for a stepwise or continuous 
reduction in the frequency of stimulation. 

[0059] The device illustrated in Figure 1 can also be used in a modified 
fashion without a corresponding implant in the blood vessel. In such cases the 
stimulation current is induced directly in the tissue to be treated, by suitable 
magnetic fields. In that case, either a magnetic field involving suitable low- 
frequency modulation is produced by the excitation device or higher-frequency 
alternating magnetic fields involving slightly different frequencies, which are 
produced for example by two electromagnets, are superimposed on each other 
so that the electrical alternating fields induced thereby are superimposed on 
each other in the manner of a beat to provide a stimulation field of suitably low 
frequency. 

[0060] In developments of the last-described variants, it is also possible to 
use a stent according to the invention which produces concentration of the 
magnetic field in its environment merely by being at least partially composed of 
a soft-magnetic material which is possibly enclosed in a biocompatible coating. 
That provides that the induced stimulation currents are concentrated on the 
region of the vessel wall, which is in fact just to be treated. In this case the 
entire stent body can comprise a soft-magnetic material which is then possibly 
provided with a suitable biocompatible coating. It will be appreciated however 
that a laminate structure made up of materials with different magnetic 
properties is also a possible option. 

[0061] Figure 3 shows a detail of a development of the peripheral surface 
of a stent 2' according to the invention, which in known manner comprises bar 
elements 2.1' which extend in a meander configuration in the peripheral 
direction of the stent 2' and which are connected together in the longitudinal 
direction of the stent 2' by connecting bars 2.2'. In this case, the stent 2' is 
designed in the manner described hereinbefore with reference to Figures 1 and 2 
for inductively coupling in stimulation energy so that here only its particular 
features will be discussed in detail. 

[0062] The inductive element 7.1' is formed by a conductive layer 9 on the 
bar elements 2.1' and the connecting bars 2.2', while to provide a coil non- 
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conductive regions 10 are provided on the bar elements 2.1' and the connecting 
bars 2.2'. The coupling-out unit 8' is connected to the conductive layer 9, being 
arranged on a mechanically scarcely loaded pad 11 which comprises the material 
of the bar elements and is connected thereto. The stimulation electrodes 8.1' 
and 8.2' are connected to the conversion unit 8.3' of the coupling-out unit 8' and 
are formed by a conductive layer on suitable extensions of the pad 11. 
[0063] In this case, the electronic circuit elements of the conversion unit 
8.3' are provided in a suitable semiconducting SiC coating on the pad. In this 
case the material of the bar elements 2.1' and the connecting bars 2.2' can be 
electrically insulating. It will be appreciated however that in other variants it is 
also possible simply to provide an insulating layer between the base material 
and the conductive layer. It will further be appreciated that the entire stent can 
be provided at least on its side towards the vessel, except for the stimulation 
electrodes, with an additional insulating coating. 

[0064] It will be appreciated that a plurality of such coupling-out units with 
stimulation electrodes can be distributed over the stent in order to achieve 
stimulation over a large area. 

[0065] Figure 4 shows a further preferred embodiment of a stent 2" 
according to the invention for inductively coupling in the stimulation energy. In 
its fundamental mode of operation this variant does not differ from the variants 
described with reference to Figures 1 through 3 so that here too only the 
differences or particularities will be discussed in further detail. 
[0066] The body of the stent 2" is here formed in the manner of a coil from 
an electrically conductive material. It thus forms the inductive element 7.1" for 
the resonance circuit 7". The capacitive element of the resonance circuit 7" is 
formed by two pads 7.3" and 7.4" at the respective ends of the stent 2". The 
junction capacitances thereof together with the electrical connection through the 
body tissue or the body fluid in the vessel form two successively connected 
capacitors. To increase capacitance, the pads 7.3" and 7.4" are provided with a 
fractal surface as is used for example for electrodes of cardiac pacemakers. 
[0067] This variant may also have a coupling-out unit of the design 
configuration as described hereinbefore. It will be appreciated however that this 
can also be omitted, with a suitably selected frequency or modulation frequency 
for the magnetic field, and then the pads also form the stimulation electrodes. 
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[0068] Figure 5 shows a diagrammatic view in section through part of an 
arrangement comprising a device 1"' according to the invention for preventing or 
slowing down the formation of stenoses and an implant according to the 
invention in the form of a stent 2"' which is arranged in a blood vessel 3"' to be 
treated at a certain depth beneath the surface 4"' of the body of a patient. The 
stent 2"' includes an antenna element which is formed (not shown) in the 
manner of an antenna and which is adapted to couple in stimulation energy in 
the form of electromagnetic waves. 

[0069] The device 1"' has an excitation device 5'" which is adapted for 
contact-less production of low-frequency stimulation currents in a region 3.1'" to 
be treated in the vessel 3'. For that purpose it includes a transmitter 5.9"' which 
can emit electromagnetic waves into the half-space above the contour 12, a 
control device 5.4"' connected to the transmitter 5.9'" and a reflector 13 
associated with the transmitter 5.9"'. That reflector 13 is formed by a portion of 
an ellipsoid of revolution, with the transmitter 5.9'" being arranged at the first 
focal point 13.1 of that ellipsoid of revolution. The excitation device 5'" is so 
arranged that the stent 2'" is arranged at the second focal point 13.2 of the 
ellipsoid of revolution. That causes the electromagnetic waves of the transmitter 
5.9"' to be focussed at the location of the stent 2"'. 

[0070] It will be appreciated that in other variants the reflector may be of 
a shape which differs from an ellipsoid of revolution. That is preferably so 
selected that the defocusing effect caused by the different wavelengths in air 
and body is compensated. 

[0071] The excitation device 5'" further includes a positioning device 5.5"' 
which can be applied to the surface 4"' of the body of the patient. The position of 
the second focal point 13.2 of the reflector can be varied by way of the 
positioning device 5.5"', for adaptation to different positions of the stent 2"' or 
the treatment region 3.1"', by pivotal movement in the direction of the arrow 14 
or displacement in the direction of the arrow 15. In addition mutual polarisation 
can be oriented in the optimum fashion, from transmitter to receiver, by rotation 
of the transmitter 5.9"' in the plane of the contour 12. 

[0072] In the illustrated example the excitation device 5'" is of such a 
nature that it delivers stimulation energy in the form of high-frequency 
electromagnetic waves which are focussed on to the stent 2"' and coupled 
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thereinto. The stent 2"' in turn is adapted to couple out the coupled-in energy 
delivered by the excitation device 5"', in the form of low-frequency stimulation 
currents. 

[0073] As can be diagrammatically seen from Figure 6, the stent 2"' is 
provided with a folded dipole 16 for coupling in the stimulation energy. The 
length thereof corresponds to a quarter of the wavelength of the electromagnetic 
waves which are produced by the transmitter 5"' and which are incident at the 
folded dipole 16. In this case the frequency received by the folded dipole 16, due 
to the change caused by the dielectric of the body tissue, does not correspond to 
the transmission frequency (in vacuum) of the transmitter 5'". The folded dipole 
16 is connected to a coupling-out unit 8'" which converts the high-frequency 
currents produced in the folded dipole 16 into low-frequency stimulation currents 

□ which are then delivered to the blood vessel 3"' by way of the electrodes 8.1"' 

q and 8.2"'. 

•J [0074] The conversion unit 8.3'" of the coupling-out unit 8"' includes an 

yS, electronic circuit which converts the high-frequency currents produced in the 

id 

folded dipole 8'" into low-frequency stimulation currents. For that purpose the 

Q electronic circuit includes suitable per se known passive circuit elements. It will 

tfl 

p be appreciated however that other variants can also use active circuit elements 

or a combination of active and passive circuit elements. 

fy [0075] The folded dipole 16 and the coupling-out unit 8'" are provided in 

suitable coatings or layers on the main body of the stent 2"'. Thus the folded 
dipole 16 comprises a suitably shaped conductive coating on the main body of 
the stent 2"'. In this case the main body of the stent 2"' also comprises an 
electrically conductive material, but the folded dipole 16 is separated therefrom 
by an insulating intermediate layer. In other variants, the main body of the stent 
itself may already comprise a suitably insulating material. It will be appreciated 
moreover that in other variants for example the stent body itself or a portion of 
the stent body may represent the dipole. 

[0076] It will further be appreciated that a plurality of dipoles can also be 
provided in other variants of the stent according to the invention. Then, they can 
be of such a nature for example that they involve only slightly different resonant 
frequencies. Those dipoles are then only suitably interlinked so that the 
alternating currents produced therein are superimposed in the manner of a beat 



to form a stimulation current of the desired stimulation frequency. It will again 
be appreciated in this respect that in that case also the transmitter must be 
suitably designed to emit electromagnetic waves at two frequencies which are 
suitable for that purpose. 

[0077] It will further be appreciated that, in other variants, the excitation 
device can be so designed that it delivers stimulation energy in the form of high- 
frequency electromagnetic waves which involve low-frequency modulation and 
which are focussed on to and coupled into the stent. The stent in turn is then 
adapted to couple out the coupled-in stimulation energy delivered by the 
excitation device, in the form of suitably modulated low-frequency stimulation 
currents. 

[0078] The frequency and/or the modulation frequency of the stimulation 
currents is in the range of the frequencies at which distribution of secondary 
messenger substances controlling cell growth, such as cyclic adenosine 
monophosphate (cAMP) in the cells of the vessel is influenced. In the illustrated 
example, only one coupling-out unit is shown. It will be appreciated that other 
variants may also have a plurality of such coupling-out units as the frequency 
required for the influencing effect can differ from one cell type to another and 
possibly a plurality of cell types have to be correspondingly stimulated. 
[0079] For blood vessels such as the blood vessel 3"' the frequency or 
modulation frequency of the stimulation currents for preventing or slowing down 
stenosis formation is preferably in the range of frequencies at which distribution 
of secondary messenger substances for controlling cell growth in the smooth 
muscle cells and additionally or alternatively in the endothelium cells and 
additionally or alternatively in the fibroblasts of the vessel is influenced as 
growths of those cell types involve the main contribution to stenosis formation, 
in particular in blood vessels. Depending on the respective messenger substance 
involved, excitation of the distribution thereof can be required, as is the case for 
example with cyclic adenosine monophosphate (cAMP), but inhibition of the 
distribution thereof may also be required. 

[0080] In the illustrated example the intensity of the electromagnetic 
waves generated by the excitation device 5"' is so selected that the stimulation 
currents in the tissue to be stimulated reach a current density of at least 
5^iA/cm 2 . 
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[0081] The control device 5.4"' can control the stimulation effect with any 
predeterminable stimulation procedures in respect of time. It has in particular a 
time control circuit (not shown) which is adapted to provide for a stepwise 
reduction in the level of stimulation intensity after a given predeterminable 
stimulation period. That permits what is referred to as 'winding down' the 
treatment, with the artificial suppression of cell growth processes being reduced 
stepwise in order to prevent overshooting growth of the cells in response to 
abrupt termination of the treatment. It will be appreciated that in other variants 
it may also be adapted to provide for a continuous reduction in the level of 
stimulation intensity and additionally or alternatively also to provide for a 
stepwise or continuous reduction in the frequency of stimulation. 
[0082] Figure 7 shows a diagrammatic view of a further embodiment of a 
stent 2"" according to the invention. In this case, the stent 2"" is adapted to 
couple in stimulation energy, in the manner described hereinbefore with 
reference to Figures 5 and 6, so that here only its particularities will be discussed 
in detail. 

[0083] In this embodiment the dipole 16"" is in the form of a simple dipole. 
Its length corresponds to half the wavelength of the electromagnetic waves 
which are produced by a suitable transmitter and which are incident at the 
dipole. In this case the frequency received by the dipole 16"", by virtue of the 
change caused by the dielectric of the body tissue, is not the same as the 
transmission frequency (in vacuum) of the transmitter in question. The dipole 
16"" comprises two electrically conductive coatings 16.1"" and 16.2"" on the 
main body of the stent 2"", which each extend approximately over half the 
length of the stent 2"" and which are separated from each other at the center of 
the stent 2"" by an insulating layer 17. 

[0084] The halves 16.1"" and 16.2"" of the dipole 16"" are connected to a 
coupling-out unit 8"" at the center of the stent 2"", which converts the high- 
frequency currents produced in the dipole 16"" into low-frequency stimulation 
currents which then in turn are delivered to the blood vessel in question by way 
of a row of electrodes 8.1"" and 8.2"" which are insulated in relation to the 
coatings 16.1"" and 16.2"". The electrodes 8.1"" and 8.2"" can be uniformly 
distributed over the stent in order to achieve uniform stimulation of the tissue. 
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[0085] The configuration described with reference to Figure 7 can be 
embodied with main bodies of any desired configuration for the stent 2"". Thus, 
possibly except for the small region in which the conversion unit 8.3"" is 
arranged, the stent can be of a known structure of any desired configuration, for 
example a known mesh structure. The conversion unit can again be arranged on 
a separate pad, as was described hereinbefore with reference to Figure 3. 
[0086] It will be appreciated that in other variants of the implant according 
to the invention, for example a stent, the main body itself may also form the 
dipole. In that case, it then comprises two electrically conductive halves which 
are separated by a non-conductive portion. 
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